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Qualitative and quantitative 16S rRNA gene-based real-time PCR and direct sequencing were applied for rapid detection and
identification of bacterial DNA (bactDNA) in 356 ascites samples. bactDNA was detected in 35% of samples, with a mean of 3.24
log copies ml�1. Direct sequencing of PCR products revealed 62% mixed chromatograms predominantly belonging to Gram-
positive bacteria. Terminal restriction fragment length polymorphism (T-RFLP) results of a sample subset confirmed sequence
data showing polymicrobial DNA contents in 67% of bactDNA-positive ascites samples.

Spontaneous bacterial peritonitis (SBP) is the most severe bac-
terial infection in patients with decompensated liver disease

(1). As evidenced by culture-based diagnosis, Gram-negative bac-
teria of the genera Escherichia and Klebsiella are the most frequent
cause for SBP (2, 3). However, recent data reveal that also Gram-
positive bacteria such as Staphylococcus and Enterococcus species
may be responsible for bacterial peritonitis, especially in hospital-
ized patients (4, 5). Since detection rates of classical culture tech-
niques are low in the routine setting, the causative agent remains
unknown in many cases of SBP (3).

Application of culture-independent PCR-based methods for
the detection of bacterial DNA (bactDNA) in ascites has been
proposed as a suitable tool to improve pathogen identification in
patients at risk for SBP (6) and has indicated that bactDNA derives
in most cases from a single pathogen (7–9). However, recent stud-
ies using 16S rRNA-based fingerprinting analyses have shown that
ascites may also be polymicrobial (10, 11) and that the bacterial
spectrum is broader than that previously reported in context with
SBP (11).

Based on these findings, we analyzed a set of ascites samples
using primers targeting the 16S rRNA gene for qualitative and
quantitative PCR and further characterized bactDNA-positive
samples by direct sequencing and terminal restriction fragment
length polymorphism (T-RFLP) analysis in order to determine
the frequency of detectable bactDNA in ascites from patients with
end-stage liver disease and to identify the corresponding bacterial
agents.

A total of 356 ascites samples from 174 patients with liver cir-
rhosis (77.6% alcoholic, 11.5% cryptogenic, 2.9% viral hepatitis,
1.7% genetic disorders or metabolic diseases, 1.7% autoimmune
hepatitis, 0.6% primary biliary cirrhosis, 3.5% nonalcoholic fatty
liver disease, and 0.6% cardiac) were obtained at the University
Hospital Leipzig, between February 2011 and December 2012.
Thirty-seven percent of the patients (n � 61) underwent several
diagnostic paracenteses (mean number of paracenteses, 3.9;
range, 2 to 11). All patients gave full written informed consent to

the study protocol, which was approved by the local ethics com-
mittee.

Ascitic fluid samples were routinely analyzed for total leuko-
cyte count using an automated blood cell counter and for the
presence of bacterial and fungal pathogens by routine microbio-
logical culture with direct inoculation of agar plates.

For culture-independent PCR analysis, approximately 50 ml
ascites was centrifuged, and the pellet was resuspended in 3 ml
supernatant with glycerol to a final concentration of 20% and
stored at �20°C until sample preparation.

Nucleic acid was isolated from 1 ml resuspended ascites cell
pellet with the MolYsis Complete5 DNA isolation kit (Molzym,
Bremen, Germany). A negative control with bactDNA-negative
ascites supernatant was included in each isolation series, and
ascites supernatant spiked with Escherichia coli at a concentration
of 100 cells ml�1 served as positive control.

bactDNA was amplified using reagents from the Mastermix
16S Complete kit (Molzym, Bremen, Germany), containing
broad-range bacterial primers covering the variable 16S rRNA
gene regions V3 and V4. A PCR no-template control and a PCR-
positive control containing Escherichia coli DNA were included in
each PCR run. With qualitative real-time PCR detection based on
Sybr green and subsequent melting-curve analysis, we distin-
guished bactDNA-positive from bactDNA-negative samples. All
samples with appropriate melting-curve temperature and ampli-
con size after gel electrophoresis were considered positive and
subsequently quantified by real-time PCR using a 6-carboxyfluo-
rescein (FAM)-labeled universal hydrolysis probe as previously
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described by Nadkarni et al. (12). Serial dilutions of a plasmid
containing the 16S rRNA gene fragment from Escherichia coli
DH5� served as the quantification standard.

bactDNA was detected in 35% (n � 125) of the ascitic fluid
samples with a mean of 3.24 log copies ml�1. Results from routine
culture analysis and total leukocyte values were available for 321
(90%) and 344 (97%) ascites samples, respectively, and could be
correlated to qualitative (Fig. 1) and quantitative (Table 1) PCR
results. Only a small proportion of bactDNA-positive samples
showed positive culture results (3%) with detection of Pseudomo-
nas, Staphylococcus, Enterococcus, and Citrobacter species, but
mean bactDNA quantities were higher in culture-positive than in
culture-negative samples (Table 1). Interestingly, the majority of
bactDNA-positive samples (79%) showed a total leukocyte count
in ascites below or equal to 500 cells mm�3, a fact that has already
been described in context with culture-negative, bactDNA-posi-
tive ascites in outpatients and hospitalized patients (6, 13, 14).
However, bactDNA detection rates in nonneutrocytic ascites were
considerably lower in these studies, ranging from 10% to 35% (4,
6), which might be due to the larger sample volume used in this
study in combination with a DNA isolation kit that enhances the
bactDNA yield from intact bacterial cells by degrading human

DNA prior to nucleic acid purification. Samples with low bac-
tDNA contents could be detected by running a higher number of
PCR cycles for the detection of low DNA copy numbers, resulting
in a real-time PCR assay with increased sensitivity (detection
limit, 2.72 log copies ml�1).

PCR products from all bactDNA-positive samples were puri-
fied and directly sequenced with the sequencing primers SeqGN16
and SeqGP16 (Molzym, Bremen, Germany). Sequence types from
nonmixed chromatograms were directly identified up to genus
level with sequence identity higher than 98% using the BLAST tool
(24) and the RDP Classifier, respectively (16). Mixed chromato-
grams were present in 62% of the samples (n � 68) and could
be analyzed using the web-based software application RipSeq
(iSentio, Bergen, Norway) in order to differentiate overlying se-

FIG 2 Overview of bactDNA in ascitic fluid samples from cirrhotic patients
(n � 174). Bacterial genus results were derived from sequence analysis using
direct sequencing of the 16S rRNA gene PCR fragment. The number of pa-
tients with detection of the respective sequence type is given on the x axis.
Recurring sequence types analyzed in ascitic fluid samples from consecutive
paracenteses of the same patient were counted only once. Genera that occurred
in three or fewer patients are combined under the term “other genera” and
indicated with an asterisk.

FIG 1 16S rRNA gene-based PCR results in ascites divided into bactDNA-positive and bactDNA-negative samples and separately analyzed for corresponding
culture results and total leukocyte values. Leuko, total leukocyte value; n.d., not determined.

TABLE 1 Quantitative determination of 16S rRNA gene copies in ascitic
fluid samples, grouped according to corresponding culture results and
total leukocyte values (n � 104)

Sample groupa

Mean (range) qPCR result
(log copies ml�1)

bactDNA�/culture�/leukocyte� (n � 3) 5.05 (4.09–6.23)
bactDNA�/culture�/leukocyte� (n � 1) 9.25
bactDNA�/culture�/leukocyte� (n � 14) 3.82 (2.72–6.17)
bactDNA�/culture�/leukocyte� (n � 86) 3.05 (2.72–8.94)
a Comparison of mean real-time quantitative PCR (qPCR) results between sample
groups and statistical analysis (Mann-Whitney U test): culture� (n � 4), 6.1 log copies
ml�1, versus culture� (n � 100), 3.15 log copies ml�1 (P � 0.001); leukocyte� (n �
17), 4.04 log copies ml�1, versus leukocyte� (n � 87), 3.12 log copies ml�1 (P �
0.004). Leukocyte�, �500 cells mm�3; leukocyte�, �500 cells mm�3.
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quences and to identify the most abundant sequence types in poly-
microbial samples (17).

Sequencing results from 109 of 125 bactDNA-positive samples
revealed a variety of sequence types belonging to Gram-positive
and Gram-negative bacteria comprising 57 different genera found
overall in ascitic fluid samples. Figure 2 shows the distribution of
the 12 most frequently identified bacterial sequence types in pa-
tients with a positive bactDNA result in at least one of their con-
secutive samples. bactDNA from the Gram-positive genera Staph-
ylococcus, Streptococcus, and Lactobacillus was predominantly
detected, whereas Gram-negative genera were represented by
Cloacibacterium spp. and Agrobacterium spp. Genera that oc-
curred only once per patient (n � 26), e.g., Salmonella; twice per
patient (n � 11), e.g., Escherichia; or three times per patient (n �
7), e.g., Pseudomonas, are summarized under the term “other
genera.”

bactDNA from Lactobacillus spp. and Propionibacterium spp.,
which have not been proposed as common SBP-causative organ-
isms so far, could be detected in ascites of 11 and 7 patients, re-

spectively. Lactobacillus spp. and Propionibacterium spp., belong-
ing to the key phyla Firmicutes and Actinobacteria of the natural
human gut microbiome (15), respectively, may translocate from
the gut into the peritoneal fluid as already described for enteric
bacteria in context with SBP (1), and DNA from Propionibacte-
rium spp. has recently been found in a high number of ascitic fluid
samples of cirrhotic patients (18).

The high proportion of polymicrobial samples and the di-
versity of bacterial sequence types in ascitic fluid found by
direct sequencing could be confirmed with T-RFLP analysis.
Bacterial 16S rRNA gene fragments were amplified with the
forward primer 27f (19) and the FAM-labeled reverse primer
(12), purified, and subsequently digested with the restriction
endonuclease MspI. Dried DNA samples were resuspended in
HiDi formamide containing 1.5% GeneScan-500 Rox standard
(Applied Biosystems, Germany) for a length determination of
labeled terminal restriction fragments (T-RF) within the range
of 50 to 500 bp. Noise removal, normalization of data, and
statistical analyses were performed according to the method in

FIG 3 Two-way clustering of T-RFLP profiles of bacterial DNA from ascitic fluid samples generated by restriction digest using the restriction endonuclease MspI
(deviation � 2) displayed as a heat map. Ascitic fluid samples (n � 48) from 29 patients are represented by rows, whereas T-RF are represented by columns. Each
square in the heat map represents the relative abundance of a single T-RF per sample measured by fluorescence intensity and indicated by color. Rows are
clustered according to the similarity of the T-RFLP profile from each sample, and columns are clustered by cooccurring T-RF within the sample based on the
Bray-Curtis index. The color key for the relative abundance of T-RF is shown in the upper right corner. T-RF length is in base pairs.

Krohn et al.

1756 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


reference 20. For two-way cluster analysis, the Bray-Curtis dis-
tance was used and heat maps were constructed using the R
package gplots (21, 22).

Altogether, 21 different T-RF could be found in the DNA frag-
ments derived from a subset of 48 ascites samples from 29 patients
(Fig. 3). Only one T-RF was detected in 33% of analyzed samples
(n � 16), whereas 67% revealed two to four different T-RF per
sample, confirming the high proportion of mixed samples found
by direct sequencing. Additional T-RFLP analyses with the restric-
tion endonucleases AluI and CfoI showed 66% and 71% mixed
DNA samples, respectively, and confirmed the results obtained
with MspI (data not shown).

The T-RF types with lengths of 245 bp, 189 bp, 297 bp, and 79
bp were dominantly found throughout all samples. Only two of
the 11 patients with repeated paracenteses showed a clear cluster-
ing of the T-RF in different samples, whereas the remaining pa-
tients revealed a shift of the T-RF pattern during follow-up.

In this study, we could show that application of 16S rRNA gene-
based real-time PCR with subsequent direct sequencing allows
achievement of fast results regarding the bactDNA content and dif-
ferentiation of several dominant sequence types up to genus level
even within polymicrobial ascites samples. Considering the bacterial
spectrum found in our study, these data will add to the continuing
controversy about the actual impact of bactDNA detection in context
with the development of SBP and clinical outcome. Since recent stud-
ies have shown that the presence of bactDNA in ascites is associated
with a poor prognosis (23) and a higher risk of SBP (14), further
prospective studies are needed for a broader evaluation of the predic-
tive value of positive bactDNA results, including samples with low
bactDNA levels and multiple 16S rRNA gene sequences.
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